Introduction
Two critical observational advances have taken place in the past two years. The first
Background Observations
Using the Far-Infrared Absolute Spectrometer (FIRAS) onboard the Cosmic Microwave Explorer satellite (COBE), Guideroni, et al. (1997) These data represent only a fraction of the total diffuse extragalactic energy density.
In the mid-infrared, between ∼ 5 and 100 µm, only coarse upper limits are available, all of which are much higher than the FIR/SMM values. At 3.5 µm, Dwek & Arendt (1998) obtain a radiation density of 3 × 10 −15 erg cm −3 from DIRBE observations. At 3600 to 22,000Å, Pozzetti et al (1998) have estimated a background flux of ∼ 4 × 10 −15 erg cm −3 , from discernable sources in the Hubble Deep Field. We can write the total extragalactic radiation density, exclusive of the 2.73 K microwave background radiation, as
where 0.05 ≤ f t ≤ 0.5 is the fraction that lies in the FIR/SMM range. The upper limit to f t comes from the UV/optical/near-infrared contribution; the lower limit comes from uncertainties, comprehensively reviewed by Dwek et al. (1998) , and from the implications of the observed TeV gamma-ray flux from Mrk 501 (Coppi & Aharonian 1997; Stanev & Franceschini 1998) .
Contributions from Discrete Sources
Using the Infrared Space Observatory, ISO, Taniguchi et al. (1997) found 15 sources at 5 to 8.5 µm, with a total flux of 1 mJy, in a 3 × 3 field, corresponding to a radiation density of ρ 7µm ∼ 1.5 × 10 −16 erg cm −3 . At 12 to 18µm, Altieri et al. (1998) Figure 1 shows their derived energy generation rates as a function of red shift. This approach is complementary to estimates of energy generation rates based on observed metallicities (Fall et al. 1996) .
Directly detected metallicity can underestimate the true heavy element and energy production. The fraction of processed material ejected from stars, f ej , and the energy per unit mass, ε ej , generated in the process are only part of the story. We need to also consider the fraction of all baryonic mass, f (z), which has radiated away energy in producing heavy elements retained in the interior of stars.
a. White dwarfs constitute a fraction f wd ∼ 0.1 of the mass of all stars. Wood (1993, 1994) have traced the evolution of stars with initial masses ranging from 0.89 to 5 M , and find that the ejected mass contains hardly any elements heavier than helium, that the helium content of the ejected gas is only a few percent higher than the initial fraction, but that the final core masses of processed material range from ∼ 0.55 for the lower mass stars to ∼ 0.9 M for stars at the high end of the range. We may, therefore, approximate the energy that was generated per unit white dwarf mass as a fraction ε wd ∼ 0.008 of the star's current mass.
b. Neutron stars constitute a fraction f ns ∼ 0.01 of all stellar mass, and have also converted a fraction ε ∼ 0.008 of this mass into energy. The neutron star's rotational energy immediately after collapse into a body spinning with a millisecond period is also of order 0.2% of the mass-energy. This is eventually dissipated and radiated away. A typical neutron star with mass M ∼ 1.4 M , thus will radiate away a fractional amount of energy per unit mass ε ns ∼ 0.01.
c. The supernova explosion accompanying the formation of a neutron star provides the heavy elements and much of the non-primordial helium observed in stellar atmospheres and the interstellar medium. Chieffi et al. (1998) have recently compared estimates by various authors, of the total mass of heavy-element ejecta from supernovae, as contrasted to mass retained in the core. For a star whose initial mass was 25M the current consensus appears to favor ejection of a mass of approximately 4M in carbon, oxygen, neon, magnesium and silicon. In addition, the star also yields 9 M of 4 He, and a core mass of iron M F e ∼ 1.5 M .
Consistent with the ratio of heavier elements to helium in supernova ejecta and stellar winds, we find that heavy elements constitute about 2% of the sun's mass, and that the sun's helium content is roughly 30% by mass, about 6% higher than the primordial helium abundance. The ratio of heavy elements ejected to those retained in neutron stars is also consistent with an overall neutron star complement amounting to ∼ 1% of all stellar mass.
We write f ej ∼ 0.02, ε ej ∼ 0.01, respectively determined by solar heavy-element abundance and nuclear plus kinetic energies released in supernova explosions.
d. Stellar mass black holes may radiate away an amount of energy comparable to neutron stars, but they appear to be rare, and probably do not contribute greatly to the overall electromagnetic energy constituting the extragalactic background. Neither the fractional mass in black holes at the centers of galaxies, nor the efficiency with which they have radiated away electromagnetic energy are currently well established, but their contribution to the metallicity and electromagnetic background appears to be modest.
e. Finally, we need to also consider the class of low-mass stars that have never reached the white dwarf stage, but have nevertheless contributed to the radiation density, though not to the observed metallicity. Their fraction by mass, f m , depends on the stellar birth rate function.
These different sources of energy suggest three separate estimates of contributions to the extragalactic background. The first is for a single burst, at red shift z, of rapidly evolving, massive, primordial, Population III objects with a fractional mass f ej (z) + f ns (z). The second is for a continuous generation of massive stars that evolve primarily into neutron stars and white dwarfs. Here, the rate of formation at epoch z isḟ (z) =ḟ ej (z) +ḟ ns (z) +ḟ wd (z), which needs to be integrated over the appropriate red-shift interval ∆z. The last is for low-mass stars that may have formed at early times and have continued to shine at roughly constant luminosity for most of the history of the Universe. These cases are then confronted with current data.
Must Most of the Energy Production have Occurred at Low Red Shifts z?
The contribution to the radiation field by massive stars can be estimated from the dependence of the observed metallicity Z on red shift z. To lowest order, the data cited in Section 1 are consistent with a systematic metallicity decline by a factor of 10 for increasing red-shift intervals ∆z = 2
A Single Star Burst at Red Shift z
At epoch z, the baryonic mass density ρ B in a flat universe with deceleration parameter
Here, Ω B is the baryon density parameter, H o is the Hubble constant today, and G is the gravitational constant. The fraction of mass that has been converted into heavy elements by epoch z, and the energy generated in this process is given by the stars that complete their evolution on time scales short compared to the age of the Universe and end up as supernova ejecta, neutron stars or black holes. We may approximate this by f (z) = α10 −z/2 , where the value α ∼ 0.1 is based on a solar abundance of heavy elements of ∼ 2%, non-primordial helium of ∼ 6%, and the complement of neutron stars that currently constitute roughly 1% of baryonic mass. Combining the nuclear and kinetic energies cited in section 4, we may take ε ∼ 0.01.
If all Population III objects were formed in a single burst at epoch z, the metallicity of equation (2) and the corresponding radiation density ρ ν observed today would be related by 
Comparison to equation (1) shows that a single burst, even as late as z = 2, fails to provide the requisite energy density for a value of Ω B as high as ∼ 0.08.
Continuous Formation of Massive Stars
For continuous formation of massive stars from the earliest epochs, we note that the energy production rate is just the derivative of f (z)
Here α c ∼ 0.2, takes into account that roughly 10% of the baryonic mass is in white dwarfs, and assumes that the birth rate function ψ does not greatly change over the aeons.
Integrating from z = 5 to the present, we have
This value is consistent with the observed background radiation even for Ω B as low as ∼ 0.003, provided the FIR/SMM background is a fraction f t ∼ > 0.3 of the total. Since the metallicity rises sharply, all but ∼ 4% of the light contributed to the background is of relatively recent origin, z ∼ < 2.
Low-Mass Stars
For low-mass stars, we simplify the calculation by assuming that they all have mass M < M , were formed at a single epoch, and have steadily radiated at constant luminosity, ever since. Taking a birth rate function ψ ∝ M and a luminosity proportional to M 3 , we find the mean luminosity for stars of mass 0.
If a fraction f m of all the baryons is in low mass stars, the generated radiation energy density increases at a rateρ ν (z), scaled down by the red shift.
where ρ 0B is today's baryon density and the age of the Universe at any given time is
−3/2 . Stars that have been steadily shining since z max >> 1 contribute
to today's radiation density. This is significantly lower than the observed background.
Directly Observed Star Formation
Finally, consider the observational star formation and energy generation rate given by Madau et al. (1998) . for an assumed UV/optical bandwidth ∆ν ∼ 3 × 10 15 Hz at the source. Recent suggestions that dust absorption in early galaxies would raise the data at high red shifts, to flatten the curve beyond the peak at z ∼ 1.5 (Hughes et al. 1998; Pascarelle et al. 1998 ) hardly change estimates of the background radiation received today. Whatever the energy production rate at early times may be, the epochs at high red shifts do not last long, lead to an energy drain on the photons, and contribute little to the total energy density. However, for α c ∼ 0.2, a high, massive-star-formation rate at early epochs would require an increase in Ω B to keep the neucleosynthetic helium and heavier element abundances from exceeding their observed values.
Discussion
The FIR/SMM extragalactic radiation density is most readily understood in terms of energy generated by massive stars radiating primarily at recent epochs z ≤ 2. Conversely, for currently estimated baryon densities, massive stars at high red shifts could not have generated the high levels of diffuse infrared background radiation observed with COBE.
z leads to the same conclusion. Energy generation rates could have been high at early epochs z ∼ > 4, but the duration of such epochs is always brief except in inflationary Lemaître universes, not considered here.
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